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As a result of the pt-mulgationof new guidelines
by the EnvironmentalProtectionAgency (40 CFR 190) for
releasesof long-lived,alpha-emittingsubstances,the
stack-rrmnitoring requirementsfor measuring long-lived
alpha particlesmay change in terms of both namitored
isotopesand the detection levels. This paper briefly
reviews stack-monitoringrequirementsfor long-lived
alpha-emittingparticles. It also examines the
currentlydeployed alpha-particulate,stack-monitoring
systems and discusses prototype systems that may be
applicable to stack nmnitor-ing.

Introduction

Nuclear laboratories,processing facilities,and
fabricationplants handle large quantitiesof long-
lived, alpha-emittingsubstances. Large, sophisticated
air-cleaningsystems and htghly sensitivemonitoring
systems are necessary to ensure that as little as
possible of these materials enter the environment. In
the past, most effort was centered on monitoring
plutoniumand uranium in stack effluents. However, the
promulgationof new guidelines by the Environmental
ProtectionAgency (40 CFR 190) for releasesof long-
lived alpha emitters from the nuclear fuel cycle may
requireumnitoring the release of other isotopes
includingother alpha-emittingtransuranicsfrcm
processing facilitiesand 230Th and 226Ra from uranium
mills.l These same regulationsmay also increase the
demand for measurement systemswith higher sensitivity.
Some of the elements of interestalong wtth their
alphe energies, half-lives,and 40-h occupational

J
maximum permissibleconcentrations MPC) are listed
in Table 1. Note that the MPC of 2 ‘Th is almost
as restrictiveas that of plutonium.

Table 1. Sc+nelong-lived,alpha-emittingisotopes
present in stack effluents of the nuclear
fuel-cyclefacilities.

Maximun
permissible

Half-life Alpha energy
Element (Y)

concentrationin
(Nev) air (pCi/1)

226~a

230Th

. 232u

\ 238pu

239pu

zbop”

241~

243~

Z+zcm

244cm

1,600

80,000

73.6

86

24,400

6,580

458

7,950

0.45

18.1

4.78, 4.60

4.68, 4.62

5,32, 5.26

5.50, 5.46

5.15, 5.13, 5.10

5.17, 5.12

5.4a, 5.44, 5.39

5.27, 5.22, 5.17

6.11, 6.07

5.80, 5.76

0.03

0.002

0.03

0.002

0.002

0.002

0.006

0.006

0.1

0.049

Currently,alpha detection 1$ the only practical
msthod available to measure lw-level tpa”s”r~ic
emissions.2’3 This also may apply to 2$oTh. @m!d
intensitiesof the transuranicsare extremely low
except for the 59,6-keV gananaof 241AM. 0.359 gamndl
decay.b However, x-ray &asurement seems rore-
pr.antsing. The intensitiesare higher (0.0465 xrdys/
alpha for 239Pu), but the spectra are cmplex and
difficult to interpret.Q Surface-ionizationmass
spectrometrymay be a useful technique to monitor low-
level emissions.5.6 However, it is relatively new and
untried and very complex for multi-isotopemeasurement.

This paper examines the currently deployed alpha-
particulate,stack-rmnitorfngsystems and discusses
prototype systems that may be applicable to stack
monitoring. Much of the informationin this paper is
discussed in greater depth in Ref. 7.

Monitoring Requirements

EnvironmentalRestrictions

An online-monitoringsystem for particles
containing long-livedalpha emitters in stack effluents
in many cases must be able to withstand the corrosive
effluent stream (high nmisture content and high
acidity) and yet detect small quantitiesof long-lived
alpha emitters in the presence of a much larger
natural alpha background.

The daughters of 222Rn (radon)and 220Rn (thomn)
constitute natural alpha backgroundfor lon -lived,

%alpha-particulatemeasurement;222Rn and 22 Rn are
gases, but their daughters are charged and readily
attach to particles that are collectedwith the long-
lived alpha emitters.o In 1952, Wilkening found that
most of the natural alpha activity in air resulting
from radon, thoron daughters is associatedwith
particleswith diameter .0.04 um.9 Under nomnal
conditions, 222Rn and 220Rn concentrations1 m above
ground level range frcm 0.04 to 0.4 pCi/l.10 This is
20 to 200 tires the 40-h occupationalMPC of 239Pu.
]he decay schemes of 222Rn and 220Rn are given i“ Fig.

Figure 2 illustratesthe alpha spectrum of their
d~ughters.

The interferingdaughters are 21aPo (RaA) and
212Bi (ThC), emitting alphas at 5.99 and 6.05 W,
respectively. Al$o, 21UP0 (RaC’) emits an alpha at
7.68 t4# that interferesto a lesser degree. The long
interferingtail of the spectrum of the 7.68-W alpha
of 21QP0 results more from alpha-energydegradation
caused by penetrationof the filter paper than from
degradationresulting frcm air.

Effluent streams from processingplants and scrap-
recovery plants are extrenmly corrosive. Sensitive,
solld-statedetectors cannot withstand direct cgntact
with these corrosive streams. Therefore,a less
sensitive, but more corrosive-resistant,detection
system may have to be employed at these facilities.

●ElectronicEngineeringDepartmentand Environmental
Sciences Oivision, Mzll Stop L-524, Lawrence Livermore
Laboratory,P. O. 80X 5507, Livenrmre, CA 94550
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Fig. 1 OScay schemes of radon, 222Rn (above),
thormn, 220Rn (below).

and

MOliPUrsSWLA
R=’ 7.66?AW

COuncs ‘“h7r-
RaA 5.99
ThC 6,05

a - 6 - 0.05, we can be 95% confident of detecting
activity if present at the detection 1imit, and also
95% confldent that when detectton is indicated,the
substince is truly present. Table 2 Illustratesthe
difference in these two detection limits for a constsnt
alrnsnitor (CAN).

Table 2. Oetection 1Imfts of a constant alr monitor .
(Cm) after 30 h of operation.

Method a Limit a

ANSI N 13.10-1974 n~ = 15.7 cpn, or 5.8 h for

n~=2.o
0 detection of 1 MPC 23ePu.

Currie a = B - 0.05 n~ . 28.4 CISII,or 10.6 h for

n~ = 2.71 + 3.29 0 detection of 1 Mx Z39PU.o

Fractional standard
deviation

ns=3a~ n~ = 28.4 cpn, or 10.6 h for
~Thc%78M.v

ns = 9 +~B detection of 1 MPC 2$9PU.

Em

Fig. 2 Alpha spectrun of natural background counted
on a Millip.we SM filter at l-atm pressure.

Oetection Vs Measurement

“Fo11W< ng an experfment61observation,one must
decide whether or not that which was being sought was,
in fact, detected. FormallY known as Hypothesis
Testing, such a binary, qualitativedecision is subject
to two kinds of errors: deciding that the substance i3
present when it is not (CI;error of the ftrst kind) and
the converse, fai1ing to decfde it is present hen it
is (B; WY..W of the second kind).11 Both of these
kinds of errors must be consideredwhen est6blishing
a detection 1imit. In addltion, the m.agnitude of these
errors must be sped fied for the given detection 1imit.

The detection limit of cmmarcial alpha-
particulatensmitors is specified usually in terms of
the ANSI standard N 13.10 - 1974.12 Nowever, thts
standard assumes a constmt backgroundand also
addresses only the error of the first kind. That is,

when n~ z 2-, where n~ is the Si9nal cwnt

rate, “6 the backgroundcount rate. and RC the

instrumsnt tiresconstant,we can be 95% conffdent that
the substance of interest is present. This says
nothing about how often it Is present at this detection
1imit and goes undetected (error of the second kind).
Here a = 5%, but 8 is unknown. Currie defines the
detection limit as that level of activity for which the
probabilityof an error of the first kind is a, and
that of the second kind is B.11 At the 1evel where

2

?4here n~ and OS are the true signal count rate and its
standard deviation,nB is the count rate in the back-

ground window. and co is the stindard deviation of the

true signal when n~ = O. MPC 1s the 40-h occupational

NPC (0.002 PCi/1).

In many fnst6nces, nefther a binary decision nor
an upper 1imit of detection is satfsfactory. A mare
quantitativemsasure of the activity is required. In
this case, the sensitivityof the measurement technique
is better representedby a determination1imlt at which
a given procedurewill b+ sufficiently~recfse tn yield
a SatlSfactorilY quantit6tive estln!dte.1 Table 2
1ncludes the determination1imit of a CPM measurement
with a fractionalstandaixtdeviation of 0.33, assuming
the sam conditions as the detection 1imlts.

ilsasuremsntof Routine Vs Accidental Releases

The systen requirenmntsfor online monitoring of
routine releases of long-livedalpha emitters in stick
effluents are differmt than those for manibring
accidental releases of the same isotopes. In the first “
case, to detect malfunctions in the efr-cleaning system
before serious releases occur and w assure COMP1iante
with release guidelines,the onlIne systen must be able
to measure routine .anIssions quantitatively. This
requires extrenwly high sensitivityon almost a real-
tinw basis. In the second case, the online systsm
must respond Immediatelyta a high level release and
be able to follow it to extremly high levels. This
requires a system WIth rapid response and wide d.vnsmic
~a”ge.13 HOWWW, its sensitiviw COU1d be ponsider-
ably lcwer than that of the routine-release nmnitor.
Whether these two sets of requiremsnts can be mt by
the sams system is uncertain.
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Deployed MeasurementSystems

Gross Alpha Measurement

On-line-rmnitoringsystems based on gross alpha
measurementdo not discriminateagainst natural alpha
background. Therefore, their sensitivityis poor
c~a~d ~ that of constant air rmmitors. Hm#a.ver,
they arenmre rasistant b corrosive stack gas.

A gross-alphamonitoring system with a moving
filter is pictured in Fig. 3.1* It consists of a
continuouslymoving filter (celluloseand glass-fiber)
and two zinc sulfide detectors. A 56-lLmIsample is
routed through the maving filter (1.3 cm/h). Th+
filter paper is scanned by the first zinc sulfide
detector during collection (promptchannel) and by
the second detector 8 h after collection (delay
channel). In both cases, gross alpha emission is
counted.

P,.,.,”. ) i,,,,,‘m
Fig. 3

—,h.to.
“’”l, +911,,

?

~ St, i”le, s
y: tube

Zi”,,“If{de

sci”till, t.”,

A gross-alphamonitoring system with moving
filter paper.lb

The limitationsof this type of nmnitor are
obvious, the nmst irportqnt is its axtremely low
sensitivity. This is reflected in the proposed alarm
level of the prompt channel, 10 times backgroundor
1500 f4PC-hof 239Pu for an alpha backgroundof 890
cpm.7.1+ The instrunwntreaches equilibriumin 1 h
at constant activity. Therefore, tha equivalentof
1500MPC of 239Puaiouldbe required to alarm the
fnstrumsnt. This type of instrumentalso would not be
able to distinguishthe long-livedalpha emitters frcin
same of the shorter-livedalpha emitters such as ‘*zCm
present in sotraeffluent streams.

Constant Air Monitor (CAM)

The constant air monitor (CAN) is the most
popular online-detectionsystem for long-livedalpha
anitters. It used both alpha spectroscopyand a
background-compensationscheme to reduce interference
frcannatural background.

The sampling head of a CPM is illustratedin Fig.
4. A 40 to 60 1PM sample is dratm through a fixed
membrane filter. A solid state detector with a
diffused junction scans the filter. The detectorfecds
two s~n le-channelanalyzers one for 239PU (4.8 co
5.2 14eVlor 29BPu, 29.9Pu,246Pu, and 24V.M (4.8 to 5.5
14aV)and the other for the natural background 21aP0
and 2128i (5.6 to 6.2 M#). This iS depic~d i“ Fig.
2. The natural background is discriminatedagainst by
alph3 spectroscopy. Hcwever, the energy degradationof
the alphas by the filter paper and air allows approxi-
mately 25% of the natural back round resulting from

!218P0 ad 2128i to enter the 2 9Pu windw.15 To com-
pensate for the 25%, a preset percentageof the activity

Inlet
40-601pm

01 Et

Fig. 4 Tha sampling head of a constant air monitor
(CAM).

entering the backgroundwindow (5.6 tn 6.2 MeV) is
subtractedfrcinthe activity entering the Pu window.
One problem with this type of backgroundcompensation
is that the percentageof backgroundactivity entering
the Pu windcw can change. It depends on both the par-
ticle size of backgroundparticles and filter loading.

The detection limit of a CAM after 30 h of
operation is given in Table 2. These calculated limits
assume backgroundconcentrationsof 0.1 and 0.01 PCill
for 218P0 and 2]2Pb, respectively,in the sampled air,
a detector efficiency of 17!4of 4u, and a time constant
of 30 s. A factor of 25% was asstmwd for the back-

~~~~” ~f,dO~.
nd resulting frcan21aPo and 212Bi entering the

NO variations in this factor were
considered. Note the difference in the detection
limits as defined by the ANSI standard and by Currie,
a = e - 0.05. Under these conditions,the CAM must
sample 239Pu at 1 MPC (40-h occupational)for approxi-
mately 10 h before it can detect the activity at the
95% confidence level (a = B = 0.05). The CAM’S
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sensitivitydecreases for 238Pu and 2411mIbecause a
larger percentageof the natural alpha background
enters the 4.8 to 5.5-t4eVwindcw. The sensitivityof
the CAM is considerablybetter than that of the gross
alpha-measurementsystem. However, the CAM is much
more susceptibleto failure because of direct contact
of the Sensitive solid-state detector with the
effluent stream.

Pt-utOtypeNeasurerentSystems

At least three prototypeonline-measurerrent
systems for 1ong-1ived alpha emltters are under

11et Mass Spectmm3ter (DINS)
at Battelle Pacific Northwest Laboratory,the Virtual
development: the 01rect-lr

ImpactorSolid-State Detector Online-h!onitorlng System
at Argonne National Laboratory and the Transuranic
Aerosol MeasurementSvstem (TPJiS)at the Lawrence
Livermore Laboratory.- All three’emphasize improved
sensitivity.

Oirect-Inlet!!assSpectrometer (OIMS)

Investigatorsat Battelle Laboratory are studying
the feasibilityof using direct-inlet,surface-
ionizationmass spectroscopyto analyze 239Pu-c0ntain-
i“9 particles i“ air. 7,16 This technique could yield
not only the 239Pu concentration in air, but also the
distributionof sizes of particles containing 239Pu.
Figure 5 shows the particle path within the surface-
ionizationmass spectrometer.]7 The particle-ladenair
is pulled through a capillary nozzle at a rate of
5 .@fs. Inside the first vacuum chamber, the air
expands and is pwnped away, but the nwmenttnnof the
particles carries them into a second vacuum chamber.
Again, the residual air expands and is pumped away.
The particles continue through a collimator and impinge
on a rhenium filament at 1275°K and 10-3 Pa. The ions
produced as the particles evaporate from the surface
are withdrawn by an electric field, focused, and
analyzed by a 15-cm-radius60” magnet. The ions
selected by the magnetic field impinge on an aluminum
target held at -40 kV. The secondary electrons
emitted from the target then pass into a plastic
scintillatorand the photons are counted.

“’””’7973Collimator— ,

I Ion beam
r——————

I

At sufficientlyhigh filament temperatures,each
particle produces a short burst of fens. By counting
the bursts, the number of particles/can3of atr can be
measured. The number of ions per burst is a measure of
the quantity of the element per particle. Assuming
that the ccanposition of particles is constant, this
yields the distributionof sizes of particles. Theore-
tical1y, a surface-ionizationmass s ectrometric system

!COU1d measure 103 to 104 atoms of 2$ Pu, correspondng
to particles of 239PU02 with diameters from 4.o to
9.0 mn.

Many obstacles must be overccme before surface-
ionizationmass spectroscopycan be implenwntedas a
stack-monitoringsystem. A summary of these follows.

● The OIMS system ““der developmentcan only
measure one isotope, 239Pu. Expanding the
present design to measure multi-isotopes
simultaneouslyis not trivial.

● Because of 238u interference,238Pu cannot
be detected b surface-ionizationmass
spectroscopy.{

● Whether a surface-ionizationmass spectro-
meter COU1d withstand the cormsi ve
onsIaught of the stack effluent is
questionablee.

● The 1m+ inlet-flowrate drastical1y reduces
instrumentsensitivityto larger particles.
Table 3 illustratesthe problem.

Table 3. Relationshipbetween particle-size
distribu~ion and average time to detect
Z39PU02.

Aero- Average
Physical dynamic Particle
Diameter diameter Atoms/ Particles/l ~&ctiOn

um pm particle at 1.0 MPC

0.1 0.34 1.3 X 107 6.1 33.0 s

0.s 1.7 1.7 x 109 0.049 1.1 h

1.0 3.4 1.3 X 1010 0.0061 9.0 h

aA sampling rate of 5 cmfs is assumed.

Virtual-Impactor,Online-l!onitoring Systam

The design of the Argonne virtual-impactor
monitoring system for long-lived alpha-emittingparti-
cles is based on Wilkening’sobservation that most
natural alpha activity is associatedwith very small
particles. This system uses a combinationof particle-
size selection via a two-stage virtual Impactor and
alpha-energyspectroscopyto dlstinguish particles
containing1ong-1ived alpha activity from those con-
taining only natural alpha activity.18 An impactor-
type P1utonium-nmnitoring systefohas been deployed
successfullyas a hood monitor for many years at
Argonne the ZPR-9 Airborne-PlutoniumMonitoring
System.fg It is conceptuallysimilar to the virtual-
impactor system except that it impacts the particles
directly on the detector surface.

Fig. 5 The particle path within BNh’L’ssurface-
ionizationmass spectrometer.17
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Fig. 7 Alpha spectra of 212Bi (ThC - 6.05 MeV)
acquired at 20 manHg and at 760 mm Hg after
CO11ecting natural backgroundon Acropor
filter paper for 24 h.

Figures 8 and 9 contain a block diagram of the
TAMS system and a drawing of its fi1ter-transport
mechanism. A 566 slpm sample is drawn through a mem-
brane fi1ter paper (Acropor 1200) for a fixed period
after which the filter containing the sampled articles

?is stepped in front of an array of four 600-nMn, bor.an-
implanted,surface-barrierdetectors. Then the
detector chamber is evacuated and the sample analyzed
while another sample is collected. The entire process
is controlled by an LSI-11 processor. The system
requires approximatey 22 s to vent the detector
chamber, advance the fi1ter paper, and pump the detec-
tor chamber back down to 20 mm Hg.

/ M 1[.&l,

%npli.g

line
[ mm,

Filter
controller

II Filkw

•1
Flow

controller

‘1Pump
Pump

Fig. 8 The transw-anicaerosol meas”reme”t syst~
block diagram.

Detector

array
--

Evacuated

chamber

E “’’””
Fig. 9 Filter transport mechanism of the transuranic

aerosol measurement system,

Figures 10 and 11 contain alpha spectra Of radO”,
thoron background CO11ected at Lawrence LjVeITIore

Laboratory by TAMS on Acropor 1200, and F1uoropore FA
1.0 filter paper, respectively. In both cases, the
sample was CO1lected and counted for 30 min. Note the
resolution of the background eaks. I“ both cases, the

icenter peak resulting from 21 Po (RaC’ - 7.69 MeV) has
a fwhm of abo>ut 80 keV. Also note that there is tire
tailing of the peaks with the AN 1200 filter. This
tailing is related to the alDha-enerav degradation
resulting from filter paper penetrat~on bj smal1 parti-
cles containing natural alpha background. Obviously,
the small particles penetrate ,
1200 than the Fluoropore FA 1.0 filter paper. In fact,
an alpha spectrum o
with a !

deeper into the Acropor

of a plated 241P4Tsoui-ceo“ plutonium
separation between source and detector of 5.0 mm

is no better resolved than the background spectrum on
F1uoropore filter paper. However, this fi1ter paper
is much more difficult to transport.

Fig. 10 Alpha spectrum of radon, thoron background
CO1lected by TAMS on Acropor 1200 filter paper,
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The virtual Impactor is illustratedi.nFig. 6.18
The flrst stage consists of nine virtual Impactorswith
a total inlet flow of 283 1pm. The second stage “s.es
only three vtrtual impactors. The 1arge partiCIeS
containing the long-lived alpha emltters pass through
both impactor stages and are CO11ected on the fi1ter,
while the smaller particles containing the natural
alpha backgroundfol1ow the flow streamlinesand are
pumped away. Each impactor stage reduces the flow by
75%. Therefore, approximately7% of the Initial flew
passes through the filter resulting in a filter col-
lection of 7% of the smll particles. This reduced
flow results in a pressure drop of only 80 mn Hg with
a Millipore AA filter. The cut point, the particle
size at which the collectionefficiency is 50%, corres-
ponds to an aerodynamicdiameter of 1.5 pm, or a real
diameter of 0.4 pm, for 299PU02 particles.

I

I

Detector

Filter —

Intake

!Vmin

m

9.5 ~/min

Fig. 6 Oetailed drawing of the vtrtual-impactor
solid-statedetector online-nmnitoring systen.le

An 800-nan2diffused-junctiondetector (3o% of 4r
#f&mIcy) analyzes the material collected on the

A combinationof alpha-energyspectroscopy
and background compensationdiscriminatesagainst the
residual natural alpha activity on the filter. The
counts in the selected enerqy windows are corrected for
background by subtractinga fraction of the counts in
an upper backgtmundwindow, The counts are summed for

a fixed period of 15 to 60 min. The ~caler~ the” ~$et
and the counting cycle begins over.

The attractive features of this system included:

. A high inlet flow rate of 280 lpm vs 60
to 10Q 1PM for the CPJ4,

● A high sensitivitycapable of detecting
1 MPCa (40-h occupational)in less than

1/2 h.

● A simultaneouscollection and monitoring
capabf1ity.

The low small-particle-collectionefficiencyand
the probable susceptibilityof an iifpactorsystem to
the onslaught of the stack effluent may limit the
applicabilityof the virtual-impactor system ti stack
rmcmitoring. Its particle-sizecutoff occurs at ah
aerodynamicdiameter of 1.5 um. Yet, Elder et fl.’20
found that a large fraction of the PU02 in t= ventila-
tion system at a plutonium recovery plant consistedof
particleswith aerodynamicdiameters . 1.0 pm. The
HEPA filters (high-efficiencyparticulateair filter)
huuld concentratefurther the particle-sizedistribu-
tion into the 0.2 to 0.6 urnregion.zl

TransuranicAerosol MeasurementSystem

The TransuranicAerosol MeasurementSystam (TAMS)
canbines a high sampling rate with high-resolution
alpha spectroscopyand dec~ analysis to achieve
extremely high sensitivity. .22 It was designed
specificallyto measure low concentrationsof 10ng-
lived alpha particles in harsh atnmpheres such as
corrosive stack effluents. Some of the more prcaninent
features of this measurement system are:

● Separate collection and co”nti”g chambers
to completely isolate detectors from the
effluent stream,

● An evacuated detection chamber that improves
the spectral resolution by more than five-
fold,

● A high inlet flow rate, 566 SIIWI,

●Oecay scheme analysis to eliminate residual,
natural alpha backgroundresulting from
218p. based on the difference j“ ljfetime~
of the long-livedalpha emitters (y) and that
of 218p. (mj”).

A disadvantageof this type of m.?asurementsystem is
that collectionand detection are no longer simultan-
eous. Therefore,a delay equivalent to the CO11ection
time could exist between a high level release and its
detection.

Figure 7 illustratesthe drastic improvairentin
spectral energy resolutionobtained by evacuating the
detection chamber. The full width at half maximum
(fwhm) of the spectra taken at 20 and 760 mm Hg are 110
and 572 keV, respectively. The percentageof activity
below 5.5 MeV in the two spectra are 6.0 and 25%,
respectively. Any residual backgroundresulting from
212Bi after alpha spectroscopyis ccenpensatedby sub-
tracting a fraction of the activity in an upper window
(212Po window, 8.78 MeV). Because of the short half-
life of 212P0 (3 x 1o-7s),212Pois always in secular
equilibriumwith 212Bi.
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Fig. 11 Alpha spectrum of radon, thotwn background
CO11ected by TAMS on F1uoropore FA 1.0 filter
paper.

Figure 12 contains an alpha spectrum of a stack
sample collected by TAMS during field testing at a
plutonium-recoveryfacility. This spectrum 111ustrates
the spectral resolutionof the TAMS system. This is
a spectrum of particles collected on an Acropor 1200
fflter for 60 min and counted for 50 min. Note the
high-resolutionof the background peaks. The HEPA
fi1ters very efficlently renmve the smal1 background
particles that caused the tailing noticeable in Fig.
10. The two peaks on the left are a result of 239Pu
(5.15 MeV) and 241Am (5.48 MeV). Note that TAMS can
resolve these peaks. This spectrum of 239PU and 241h
represents a combined release of approximatey 5.0
MPca. However, this spectrum does not actually result
from a release, but a sampling artifact caused by
fi1ter contaminationfrom condensation in the sampling
lines.

The results of fteld testing TAMS indicate that
the natural background is so wel1 resolved that decay
analysis is unnecessary and that the TAMS system is
only limited by counting statistics. Table 4 lists
fractional standard deviationsof TAMS measurements
with variations in long-livedalpha concentrationin
MPCa (40-h occupational)and CO11ection time. Accord-
in to this table, TAMS can measure 1/40 of an MPCa of
!23 pu f“ 60 ~fn ~fth a“ f~d Of.i3.18. This is true only

for particles containing isotopes of lcw specific
activity like Z39PU. TPMS 1ike OIMS has difficulty
collecting large particles of isotopeswith high
specific activity like 238Pu. This is illustratedin

Table 5. If Z3eP”02 is released at 1.0 MPCa (40-h
occupational) in particles with diameters of 1.0 pm,
TAMS would require 84 min on the average to collect one
particle sampling at 566 slpm. We believe that this
particle-collection1imitationwill limit the ultimate
sensitivity level of measuring activity in particles
containing high specific activity isotopes not only
by TAMS but by any online-monitoringsystem.

Table 4. Fractionalstandard deviation for TAMS
measurementswith variations in concentration
and collection time assuming a sampling rate
of 566 SIWII,collection efficiencyof 100%
and detection efficiency of 13.2% of 4W
(MPCa -0.002 pCi/1).

Concentration Collection time Fractional standard
(MPCa) (rein) deviation

1.0
0.25
0.1
0.1
0.02s

0.12
0.23
0.18
0.092
0.18

Table 5. The dependency of collection time on particle size for PU02, assuming a collection
efficiency of 100% and a sampling rate of 566 slim.

Aerodynamicc Average ml 1ection
Half-life Physical diameter diameter Particles/l

. Isotope
tifraof 1 article

(Y) ( m) ( m) at 1.0 MPCa (rein!

238pu 86 0.1 0.34 2.2 x 10-2 8.0 X 10-2
0.5 1.7 1.7 x 10-4 10.4

3.4 2.2 x 10-5 84.0
239p” 24,400 ::: 0.34 6.1 2.9 X 10-4

0.5 1.7 4.9 x 10-2 3.6 X 10-2
1.0 3.4 6.1 X 10-3 0.29
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